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ABSTRACT: The increasing stock of aging office buildings will see a significant growth in 
retrofitting projects in Australian capital cities. Stakeholders of refitting works will also need to take 
on the sustainability challenge and realize tangible outcomes through project delivery. Traditionally, 
decision making for aged buildings, when facing the alternatives, is typically economically driven 
and on ad hoc basis. This leads to the tendency to either delay refitting for as long as possible thus 
causing building conditions to deteriorate, or simply demolish and rebuild with unjust financial 
burden. The technologies involved are often limited to typical strip-clean and repartition with dry 
walls and office cubicles. Changing business operational patterns, the efficiency of office space, and 
the demand on improved workplace environment, will need more innovative and intelligent 
approaches to refurbishing office buildings. For example, such projects may need to respond to 
political, social, environmental and financial implications. There is a need for the total consideration 
of buildings structural assessment, modeling of operating and maintenance costs, new architectural 
and engineering designs that maximise the utility of the existing structure and resulting productivity 
improvement, specific construction management procedures including procurement methods, work 
flow and scheduling and occupational health and safety. Recycling potential and conformance to 
codes may be other major issues.  
This paper introduces examples of Australian research projects which provided a more holistic 
approach to the decision making of refurbishing office space, using appropriate building 
technologies and products, assessment of residual service life, floor space optimisation and project 
procurement in order to bring about sustainable outcomes. The paper also discusses a specific case 
study on critical factors that influence key building components for these projects and issues for 
integrated decision support when dealing with the refurbishment, and indeed the “re-life”, of office 
buildings. 
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1. INTRODUCTION 
 
Commercial office buildings in Australian metropolitan cities have reached a 
mature age of 30-30 years on average (Khan et al 2006, Jones Lang LaSalle 2005). 
With recent technological advancements and changing user business operation, 
asset owners are facing major decisions in regards to refurbish or rebuild. 
Escalating costs of new build and the increasing focus on the sustainable use of 
Theme B: Creating a livable, healthy and environmentally viable cities
448
resources encourage warrants better studies on refurbishment options (CAR 2003 
and Balaras 2004). 
Traditionally, retrofitting of office buildings have been done on ad-hoc basis. 
Owners, designers and contractors alike were often troubled by the poor building 
documentation and lack of reference to successful examples. As a result, designers 
may not foresee all of the potential problems while the contractors apply huge 
mark-up for having to deal with the risks. As these professionals begin to get more 
volume of work, the characteristics of these refurbishment projects and strategies 
to maximise the opportunities for technological, sustainable and economic 
solutions become important issues.  
Previous research identified the needs for the total consideration of buildings 
structural assessment, modelling of operating and maintenance costs (Reyers 2001), 
new architectural and engineering designs that maximise the utility of the existing 
structure and resulting productivity improvement, project risks and their mitigation 
(Gray, 1999 and Skorupka 2001), specific construction management procedures 
including procurement methods, work flow and scheduling and occupational health 
and safety (Cox 2004). Recycling potential and conformance to codes may be 
other major issues (Faniran, 1998 and Nigel et al 2001).  
This paper introduces examples of Australian research projects which provided a 
more holistic approach to the decision making of refurbishing office space, using 
appropriate building technologies and products, assessment of residual service life, 
floor space optimisation and project procurement in order to bring about 
sustainable outcomes. The paper also discusses the case studies that helped identify 
and evaluate critical factors that influence key building components for these 
projects and key issues for integrated decision support when dealing with the 
refurbishment, and indeed the relifing, of office buildings. 
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2.  THE NEED FOR REFURBISHING AGED BUILDINGS 
 
The significant growth in the construction of new commercial office buildings 
since the early 70’s means that we now have a large stock of ageing buildings. The 
service components of these buildings are now obsolete after decades of operation, 
and may not meet today’s efficiency standards or the changing requirements of 
modern businesses. Over the recent years, researcb efforts have been made to 
explore the advantages of retrofitting of aged buildings (Allehaux and Tessier 2002; 
Anderson and Mills 2002; Jones Lang LaSalle 2005). The recent foci and 
commitment to sustainability encourages retrofitting options. In Europe for 
example, the retrofitting market has experienced considerable growth over the past 
6 years (Caccavelli, 2002)  . Several reasons can explain this paradox: 
User requirements have changed considerably during the last decade in terms of 
office equipment, communications, automation, quality of use and comfort; 
The past property crisis, which has affected many European countries, has 
amplified the stock of not rented office spaces: buildings that do not offer 
amenities for comfort and flexibility, are difficult to sell or rent; 
Costs of retrofitting a building is more or less half to one third of the cost of  
demolition and reconstruction; 
Office buildings are classified amongst the buildings with highest energy 
consumption (e.g. annual energy consumption in European office buildings 
averages 100-1000KWh/ m2 of conditioned floor space). 
In Australia, refurbishment of buildings is expected to form an increasing 
proportion of the annual capital budget with some estimates being as high as 50% 
by 2020. This has important implications for sustainability. If the Koyoto targets 
were to be reached, it is the existing building stock and their efficiencies which 
must be improved. Waste minimisation and recycling can also form a significant 
part of the equation, accounting for an estimated 0.5% of GDP.  An exemplar 
Theme B: Creating a livable, healthy and environmentally viable cities
450
project in this area is the lead of the national WasteWise construction program 
which has already decreased the amount of waste going to landfill by 90%. The 
pressure for all retrofit building projects to follow suit is mounting. 
While the potential of this market sector is evident, there remain some challenges 
of the refurbishment option as opposed to new build such as: 
Decisions on political, social, environmental and financial implications of re-life 
compared to new build (Balaras 2004); 
Feasibility studies assessing the condition of the existing building, the residual 
service life, and estimating construction costs, modelling of operating & 
maintenance costs, and the utility and productivity expected from the refurbished 
building (Reyes 2002, ECI 2003) 
Architectural and engineering design to maximise the utility of the existing 
structure (Thomas et al 1996). 
Coordinated work scheduling for clients, consultants and contractors in terms of 
forward capacity and production planning linked with design, procurement and 
decanting schedules.   
Additional challenges for demolition and waste handling and disposal, potential 
recycling, occupational health and safety, condition surveys and identification of 
services etc (Nigel et al 2001).  
Effective decision making will also need more data and modelling of different 
scenarios to allow comparison of the alternatives. Largely due to the lack of as-
built on old buildings, information on the modelling of operating and maintenance 
costs, the utility and productivity expected from the refurbished building, and the 
monitoring of building energy performance depending on the alternatives is 
particularly hard to come by. 
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Nevertheless, these phenomena and evidence imply that there is a new market 
developing which not only requires attention but also application tools that can 
help stakeholders making decisions such as: 
Sustainability issues including indoor air quality, energy saving, waste handling, 
disposal, potential recycling and Occupational Health and Safety (OH&S); 
Conditions of existing buildings and the residual service life; 
Waste management issues and recycling potential; 
Associated risks, costs, time and project delivery patterns and project management 
processes. 
 
3.  BUILDING PERFORMANCE AND MEASUREMENT 
 
Considerable research efforts have been made to explored methodologies and 
software tools for the assessment of a building’s existing structural conditions, 
energy usage and estimation of costs.  
TOBUS is an evaluation tool for the assessment of retrofitting needs of office 
buildings in European countries and for estimating the costs to meet these needs in 
compliance with sustainability issues such as energy performance and indoor 
environment (Caccavelli et al, 2002). Office Scorer is a tool developed by the 
Building Research Establishment (BRE) in the UK in 2002 to systematically 
compare and test the environmental and economic impacts of different building 
design concepts for offices. BRE has modelled a number of buildings over a 60 
year life and evaluated the economic and environmental impacts of a range of 
factors including building elements degradation, ventilation and cooling system 
energy saving (BRE and DTI 2002). EPIQR and MEDIC are software which can 
provide diagnosis of degradation of existing residential buildings, energy 
performance and indoor air quality (Flourentzou 2000). 
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A Facility Energy Decision System was developed by the Pacific Northwest 
National Laboratory in the US to inform decisions on energy-saving retrofit 
projects (FEDS 2004). In Australia, the Building Division of the Queensland 
Department of Public Works developed the Ecologically Sustainable Office-Fitout 
Guideline as a strategic asset management framework. It covers key aspects of 
community, energy, material and water in relation to office building fitout works 
(Queensland Government 2004).  
These methodologies and tools provide the global view and focus shift to 
building’s renovation and refurbishment processes. Some enable users make 
informed decisions in targeted specialty areas. However, most of the tools 
approached the building refurbishment issue in an ad hoc basis and tend to deal 
with specific issues within a region. The evaluation results of these tools can be 
very subjective depending on input and will require substantial as-built information, 
which is often lacking. Over reliance on computer programming development may 
render these tools to become inflexible, unadaptable and non-updatable. Therefore, 
there is an urgent need to develop a more integrated and holistic tool that operates 
in a scientific and procedural manner. In particular, knowledge gaps need to be 
covered in residual service life, waste management, floor space optimisation, 
project risk assessment, contractual issues and procurement patterns. 
 
4.  INTEGRATED RESEARCH ON RE-LIFING OFFICE 
BUILDINGS 
4.1 Research overview and Dephi study 
Integrated research was recently undertaken in Australia to explore holistic 
approaches to dealing with issues impacting on office refurbishment projects, 
design, engineering and procurement, and issues of decanting and sustainability. 
The research also developed a decision-making support mechanism for assessing 
the condition of the existing building structure, residual service life and floor space 
optimisation.  
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The project objectives are to investigate the characteristics of refurbishing projects 
that impact upon the effective management of the construction process, such as the 
identification and mitigation of risks, issues of decanting and existing tenants, 
identification of existing structure and services, work scheduling, occupational 
health and safety issues for construction personnel and tenants, demolition, waste 
and recycling, issues of quality and workmanship, cost planning and cost 
modelling methodologies. Based on a comprehensive literature study, it embarked 
on a path of Delphi study, Process Integration, Case study and Industry interviews, 
before extracting and presenting information through the development of decision 
support tools.  
Following literature review and preliminary industry consultation, a Delphi study 
was conducted with the assistance of a panel of industry experts to determine the 
most relevant and important issues of consideration of refitting commercial office 
buildings. Through four rounds of electronically mailed questionnaire surveys, 
these experts evaluated, considered and reconsidered the relative importance of 49 
issues presented particularly taking onboard feedback from peer reviews. A unique 
aspect of the Delphi Questionnaire is that the industry experts consider the issues 
individually, without discussion with other experts (Chan 2001). There were five 
categories of issues: 
1. Sustainability & Building Efficiency,  
2. Project Management, 
3. Residual Service Life,  
4. Recycling & Waste Management, and  
5. Floor Space Optimisation.   
 
The number of issues grew to 68 after Round 1 of Delphi study as 19 new issues 
were proposed by the panel of experts. The highest, the lowest, the mean and the 
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deviation of scores for each of the issues were analysed so that the new order of 
issues and their “relative importance” could be established for the next round of 
study. The highest ranked issues and their average scores were also evaluated and 
compared between rounds to identify swing of opinions and affirm reliability of 
the information. 
Following the Delphi study and subsequent industry interviews, a total number of 
36 critical issues with commonly agreed high rankings were revealed. The five top 
ranking critical issues are Purpose of refurbishment, Energy saving potential, Cost 
analysis for sustainability and building efficiency, Project cost risks and Building 
Condition assessment. As Sustainability and Building Performance was the 
primary goal of another research project funded by the same agency, this research 
concentrated on the other four categories as research strands. At the research 
completion stage, cross reference to the Sustainability research project was made. 
4.2 Development of integrated project map 
To aid decision marking, the 36 critical issues need to be amplified within their 
disciplines and knowledge areas. They also need to be integrated and articulated 
along the path of project lifecycle for holistic consideration and problem solving. 
An integrated project map was developed and linked the 36 issues with logic, order 
of execution, cross-reference, and quality control in mind, along the continuum of 
project development phases (i.e., conception, feasibility, design, procurement, 
construction and operation phases), therefore providing the integration among 
issues of all four strands. Figure 1 shows an example of the issues that need to be 
examined in the Project Conception phase. 
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PROCESS MAP - PHASE 1 - CONCEPTION PHASE
Pollution
Market demand by 
location
Perception of 
tenants
Indoor air quality Key project risk - cost
Purpose of 
refurbishment Nature & scope of project
Structural 
appraisal
Change use of Key project risk -
 floors  quality
Market demand by 
type
Precommitment of 
tenants Services appraisal
Performance Relocate/renew
Building envelope 
appraisal
monitoring services
Cutting openings/
extending floors
LEGEND
Sustainability & Building Efficiency Strand
Construction Management Strand
Residual Service Life
Recycling & Waste Management Strand
Floor Space Optimisation Strand
Non Strand Related 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: An example of the Process Map with 17 Critical Issues integrated 
against Project Conception Phase 
 
 
4.3 Key findings on the four research strands 
Project Management: ten issues critical to the management refurbished projects are 
nature and scope of work (objective & market research), type of contract, market 
demand by location and type, perception of tenants, pre-commitment by tenants, 
key project risks (cost, quality and schedule), decanting, workplace health and 
safety issues, modifying existing documents and management of tenants. The 
design team has to bear in mind of client’s/tenants’ needs. Communication and 
understanding between project stakeholders are important to ensure smooth 
implementation of the project. Guided decision support will be required for project 
stakeholders. 
Residual service life: to evaluate remaining service life of specific components, 
assessment of the current degradation state or functional use and the future patterns 
of degradation is important. State-of-the-art methods on residual service life 
estimation appear to be mostly conceptual and need significant forms of data. 
Seven key variables identified are condition assessment, defects – structural, 
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defects – functional, status of structural health, life of elements and components of 
the building, performance monitoring and security. These variables were analysed 
and compared with other buildings in developing a generic approach. Residual 
service life methods have been established to determine the underpinning factors. 
Recycling and waste management: there is a widespread willingness among office 
building professionals to operate more sustainably. However this should be met 
with targeted guidelines for project stakeholders. Specific building materials where 
recycling rates are variable across the states need to be identified and ‘state of the 
art’ recycling information dispersed to all contractors. Secondary markets for reuse 
of components such as sinks, basins and cupboard need to be encouraged by state 
governments, whereas asbestos material needs to be addressed in detail, so that all 
waste from such buildings is not automatically directed to landfill. 
Floor space optimisation: the crux of the issue here is the maximisation rentable 
floor space. Options available to the client in maximising floor space include 
removal or addition of floors and partitions, relocating services, cutting openings 
and relocating lift wells etc. In these situations, innovative structural strengthening 
schemes could be implemented to strengthen the existing structure after an initial 
structural appraisal. Five critical issues identified are structural appraisal, structural 
safety, structural strength, change of use of floors, relocate/renew services. Typical 
design examples and calculations were developed for reference. 
4.4 Best practice guide 
As part of the research deliverables, the Best Practice Guide that encapsulates the 
relevant problem solving logic and knowledge for decision making on all 36 issues 
was developed. The knowledge and information required for decision making is 
organised according to (1) the potential causes for this issue, (2) the problems it 
will bring about, (3) the possible actions that can be taken, and (4) the results from 
such actions. The top part of the module presents graphical linkage between these 
elements, depicting the inherent relationships. The bottom part further elaborates 
“what-to-do” actions of these elements according to the related project 
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development phase. An application example of the Best Practice Guidelines is 
shown in Figure 5 as a way of dealing with Space Volume Limitation in a Case 
Study.  
By cross-checking the guides against real life projects and by consulting with 
professionals in facility management, architectural design, demolition, contracting, 
and project management, research validation was done. The Best Practice Guide 
was considered highly valuable especially to project partners for guided decision-
making assistance when contemplating alternatives of retrofitting projects. In 
particular, professionals confessed that while they have in-depth knowledge in one 
or more areas, they may not be able to consider and cover all of the areas. The Best 
Practice Guide can provide building owners, developers and contractors a 
systematic tool to evaluate potential projects holistically, rather than make hasty 
decisions on demolition and build new buildings, thus avoiding unviable 
technological, economical and marketing outcomes.  
 
5. EMPIRICAL APPLICATION OF THE BEST PRACTICE 
GUIDE 
 
As part of the application of research findings on real-life projects on sustainable 
refurbishment of office building, an empirical case study was undertaken as 
presented in the following sections. 
5.1 Case study introduction 
An office building in Melbourne CBD area was studied, with two floors of office 
space and one as a customer centre. The building was developed in early 1980s 
and then transferred to its owner occupier, an international investment company in 
1992. After 15 years’ operation, the company found that the interior fitout and the 
facilities of the building could not satisfy three current business requirements as 
below:  
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1. Cubic offices do not support effective team communication and work routine, 
and cannot provide enough workstations due to the increasing number of staff; 
2. Improved interior office environment has been generally expected by the staff 
and customers; 
3. Space in the customer centre become limit4ed  due to increasingly expanded 
business, with more workstations and facilities; 
  
A team of consultants were engaged by the investment company make a rational 
decision on redevelopment or refurbishment of the current buildings. Extensive 
inspection was carried out to explore conditions of major structural components 
such as columns, beams, slabs, exterior walls and windows. It was found that these 
components were still working well and can service the three storey building for 
another 30 years without substantial risks. Extension of the current structure would 
also encounter the following problems: 
a) Safety of the current structural components supporting additional levels; 
b) Excessive construction waste; 
c) Substantial construction costs under today’s building economy; 
d) Interruption of the company’s business operation; 
 
After contemplating of the options of redevelop versus refurbish and the potential 
impact on the company operation, the company decided to refurbish the aged 
building.  Open plan office was chosen for reasons of better accommodation of 
workstations in a given floor space and also the facilitation of team dynamics. 
Raised floor system (RFS) was recommended as an optimal option by the 
architects. 
RFS typically consists of raised floor panels, pedestals, stringers, floor coverings, 
underfloor air distribution system, underfloor Power Video and Data distribution 
system and other accessories such as steps and ramps. Pedestals supporting the 
panels create a plenum between the sub-floor and the panels that allows the tidy 
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distribution of building service systems, particularly cabling and wiring systems 
and provides easy access to maintenance (Zhang and Yang 2006). This system 
improves ventilation, air quality, and thermal comfort while allowing for 
individual control. It also enables quick and economic relocation of workstations 
thus minimizing impact of churns in modern office environment. A typical 
environment with RFS fitout is shown in Figure 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: A typical RFS fitout environnent 
Source: Courtesy of Tate Access Floors, www.tateaccessfloors.com 
 
5.2 The concerns 
While retrofitting with raised floor systems can potentially meet the 
aforementioned three outstanding requirements, a few concerns related to the 
design and construction phases are raised by the consulting engineers and the 
project manager employed by the investment company. Typical concerns include 
but not limited to: 
• The space volume (floor to floor distance 3880mm) is not enough to encase 
the RFS; 
• The irregularity of building structural restricts retrofitting with RFS; 
• Transitions to lift system, existing doors, stair landings, etc. are problems; 
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• The existing structural beams influence the RFS application; and  
• RFS may make the refurbishment uneconomical. 
 
5.3 Exploring integrated considerations for sustainable RFS fitout  
Brainstorming among the design team was carried out to ascertain all concerns. 
With reference to the Best Practice Guide discussed in last section, the causes of 
the concerns, the possible problems if the concerns are not dealt with properly, the 
actions that can be taken, and the results of the actions are explored. Using “Space 
volume limitation” as an example of a Critical Issues, the application of the Best 
Practice Guideline was made and discussed as follows.  
H
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Figure 3: Section view of an office room with RFS embedded in 
 
 
Figure 3 shows a typical section view of an office room. The space volume 
depends on multiple factors, e.g. finished floor height of RFS, use of under-floor 
air delivery (UAD) system, and the ceiling based air return. The ceiling space also 
needs to house the structural beam, air ducts, cable and wire distribution, fire 
safety services, etc. An equation reflecting the causality between the allowable 
finished floor height (FFH) of the RFS system and space volume can be expressed 
as (1): 
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Where, FFH is the finished floor height of RFS; H is the height between slab and 
slab; X1 is the thickness of the slab; X2 is the sectional height of the structural 
beam; X3 is the sectional height of air ducts; X4 is the thickness of the ceiling 
panels; Y1 is the interstice height between the structural beam and the air ducts; 
Y2 is the interstice height between the air ducts and the ceiling panel; and L is the 
distance between the ceiling panel and the top surface of raised floor panel. 
The investment company intends to refurbish the existing building without 
interfering with the current structure. Accordingly, the thickness of slab (X1) and 
the sectional height of the structural beam (X2) are constant. As per the above 
equation, the allowable FFH of RFS is mainly determined by the distance between 
slab and slab (H) and the renovation of the ceiling plenum (X3, X4, Y1, Y2). 
Brainstorming points out that the use of UAD determines the appropriate FFH, 
which further decides whether the space volume (H) is sufficient.  
If the UAD method is used, a deep floor plenum is expected. As per the engineer’s 
opinions, 300mm is generally perceived as the minimum FFH to allow desirable 
air distribution in the floor plenum. For a typical multi-level office building, X1 is 
around 120mm; X2 is around 500mm; X3 is around 300mm; X4 is around 30mm; 
Y1 is around 100mm; Y2 is around 150mm; and L is not less than 2400mm as per 
the Building Code of Australia. Accordingly, the distance between slab and slab 
needs to meet Equation (2). 
 
)2(300)( 214321 mmLYYXXXXH +++++++≥                           
 
• If the clients wish to keep the ceiling air system while applying UAD for 
the special reasons such as using a ceiling and under-floor mixed system 
and keeping the ceiling air system as a backup, slab to slab height must not 
be less than 3900mm.  
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• If the old air conditioning is removed and the ceiling is kept solely for 
concealing the overhead service systems, e.g. fire sprinklers, ambient 
lighting, cable and wire distribution, etc., the ceiling space can be reduced. 
The space height between the ceiling panel and the structural beam is 
allowed 200mm. Then, the distance between slab and slab must be not less 
than 3550mm.  
• As a way of maximising space, the whole ceiling can be removed and 
upper slab exposed. The height between slab and slab must be not less than 
3320mm. For flat structural beams or no structural beams in the building, 
the height can be even shorter.  
If UAD is not used, a RFS with 150mm FFH is enough to accommodate the under-
floor cable/wire distribution, with the ceiling air system kept without change. As 
per Equation (1), the slab and slab height must be not less than 3750mm. 
With a perceived structural beam of 500mm in height, the above analysis works 
out the minimum slab to slab height for RFS application in retrofit projects as 
summarized in Table 1.  
 
Table 1: Minimum slab to slab distance for RFS applications 
With UAD 
With ceiling 
renovation 
 
Reduced 
ceiling 
Removal 
of ceiling 
Without 
ceiling 
renovation 
Without UAD 
Minimum slab to 
slab distance  
3550 
mm 3320 mm 3900mm 3750mm 
 
 
Using this information, the consulting engineers and the project manager were able 
to adopt the Raise Floor fitout system, knowing that the slab to slab height in this 
building is 3880mm. To achieve integrated and coordinated RFS fitout design and 
construction process, the team adapted the Best Practice Guidelines and developed 
a problem solving module for space volume limitation, as shown in Figure 4. As it 
included all aspects of conception, design, construction and commission, the 
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project team was able to design and deliver the interior fitout space with all 
stakeholders in mind and involved them for early anticipation of and decision 
making on the issues encountered.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: An Application the Best Practice Guide Modules 
 
6. CONCLUSIONS 
The Australian building industry will experience an increasing volume of refitting 
works as the bulk of the office buildings in capital cities continue to age. There is a 
need to develop consistent and holistic project approaches, while responding to the 
sustainability challenge. This calls for exemplar projects as well as research into 
integrated decision making and knowledge support for these types of projects.  
The research efforts reported in the paper was a starting point to logically and 
systematically address the problems that will face building owners, their design 
consultants, the contractors, and very importantly, their tenants and clients, when 
dealing with the refurbishment of office building spaces. There are five areas of 
CAUSES ISSUES PROBLEMS ACTIONS RESULTS
Short slab to slab distanc
in old structure  
People’s perception 
/misunderstanding 
Use of underfloor air 
delivery 
Scope of refurbishment 
(e.g. ceiling space)  
Space Volume 
Limitations 
Strategically plan the RFS 
fitout in the following aspects: 
 
- The FFH of u’floor plenum 
- Use of UAD 
- Retrofit or removal of ceiling 
- UAD with ducting system 
- Location and number of floor 
based diffusers 
- Supply air volume 
- Fan pressure 
- Inspection of air performance 
 
Deliver a sustainable
workplace 
environment
Insufficient space for 
u’floor air distribution
Difficulty in maintaining
u’floor services 
Close-packed u’floor 
space with hot spot risk
CONCEPTION: 
Client-based: The client needs to understand its business nature and scrutinize 
possible requirements on the environment of staff offices and customer centres.  
Following questions would help in conceptual stage: 
1. Who are the users of the office area? 
2. Is a high churn rate expected? 
3. Will a user friendly environment attract more businesses? 
4. Can refurbishment with RFS improve the workplace environment? 
 
FEASIBILITY: 
The design team needs to consider whether the space volume in the old structure 
can accommodate the use of RFS. If the space volume is big enough, the RFS fitout
may go ahead with the following attentions: 
1. Does the design team really understand the specifications of RFS and 
underfloor service systems? 
2. Will the underfloor air delivery system be used? 
3. Will the ceiling be refurbished or renovated? 
Otherwise, the team needs to consider alternative ways of designing the RFS 
fitout, such as the removal of ceiling space and the use of a reduced FFH for UAD. 
The following questions will be asked to judge if the RFS and/or UAD is suitable:
1. Will insufficient space be resulted in for UAD? 
2. Will a close-packed underfloor space generate hot spot risk? 
3. Is any difficulty in maintaining underfloor services expected? 
4. Is any OH&S problem expected in the workplace environment? 
 
DESIGN: 
UAD: Ducting system may be used if underfloor plenum is not large enough. The 
location and number of floor based diffusers need to be optimised to achieve even air 
distribution. Increased supply air volume or increased fan pressure may be needed to 
achieve expected air conditioning performance. 
Ceiling and old services: Ceiling and old services in the ceiling plenum can be kept 
if the space volume is sufficient; otherwise, ceiling needs to be renovated to either 
reduce its height or totally been removed. 
 
CONSTRUCTION AND COMMISSIONING: 
Installation of floor panels: The installation of floor panels needs to achieve airproof 
if a pressurized floor plenum is used.  
Inspection of air performance:  In addition to the simulation using computational fluid 
dynamics in the design phase, air performance needs to be inspected upon completion. R
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main concerns, including building structure and condition reporting, floor space 
optimisation, recycling and waste minimisation, and overall project management, 
and sustainable design and construction. Through a Delphi study process involving 
industry panel experts and subsequent interviews to professionals involved this 
refurbishment projects, a set of Best Practice Guidelines were developed to 
encapsulate critical issues of refurbishing office buildings into decision modules of 
practical decision making and problem solving. A case study on the use of raise 
floor systems for a Melbourne CBD office building refurbishment demonstrates 
the innovative construction methods and the use of the Best Practice Guides as 
assistance to the project team.  
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